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PATTERNING PROCESS METHOD FOR
SEMICONDUCTOR DEVICES

BACKGROUND

1. Field of the Invention

The present application relates to methods of making inte-
grated circuits. More specifically it relates to methods of
fabricating semiconductor devices using sidewall image
transfer (SIT) patterning processes.

2. Description of the Related Art

Manufacturing of semiconductor devices generally
involves performing various steps of device patterning pro-
cesses. For example, the manufacturing of a semiconductor
device may start with using computer aided design (CAD)
generated device patterns and then duplicating those patterns
onto a substrate to form individual semiconductor devices.
The duplication process may involve using various exposing
techniques (e.g. photolithography) in combination with a
variety of subtractive (e.g. etching) and additive (e.g. depo-
sition) material processing steps.

For example, in a photolithography process, a layer of
photoresist material may be first applied to a substrate, and
then selectively exposed using a predetermined device pat-
tern. More specifically, the photoresist may be deposited on
the substrate, then portions of the photoresist selectively
exposed to light or other ionizing radiation (e.g., ultraviolet,
electron beam, x-ray, etc) using the predetermined device
pattern. The light or other ionizing radiation can cause the
photoresist to undergo a change in solubility with respect to
certain chemical solutions. After the photoresist has been
exposed using the light or other ionizing radiation, it can then
be developed using a developer solution to remove non-irra-
diated (in so-called “negative resist situations”) or the radi-
ated (in so-called “positive resist situations”) portions of the
photoresist layer to reproduce the predetermined device pat-
tern in the photoresist. Further, the photoresist pattern subse-
quently may then be copied or transferred to the substrate
underneath the photoresist pattern.

As the space available for semiconductor devices has con-
tinued to decrease, semiconductor manufacturers have been
challenged to meet the demand for ever increasing device
density. One technique for sub-80 nm pitch patterning has
been to use a technique called sidewall image transfer (SIT),
also known as sidewall spacer image transfer, to achieve a
pattern density twice that achievable using previous tech-
niques. A conventional SIT process involves forming a man-
drel layer on a hard mask layer then forming a spacer layer
conformably over the mandrel and hard mask layers. Then,
the spacer is etched back followed by pulling out the mandrel
layer. In certain applications a series of layers of an Organic
Planarization Layer (OPL), a Silicon Anti-reflective Coating
(SiARC) layer, and a photoresist layer are then formed over
the spacer layer in sequence and the photoresist layer pat-
terned to form a block area and a non-block area. After the
photoresist layer is patterned, the photoresist layer is etched
and removed in the non-block area. Then metal hard mask
etching process is performed during which the SiARC layeris
first etched back to expose the OPL layer in the block area.
Then, the metal hard mask in the non-block area is etched
simultaneously with the spacer and OPL in the block area.
Finally, the OPL in the block area is removed by an ashing
process.

However, there can be some problems with the above pro-
cess. For example, as discussed in more detail below, a low
temperature silicon dioxide (LTO) can be used as the spacer.
In such a situation, the LTO spacer inadvertently also can be
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2

etched back during the SIARC etch back step because LTO
and SiARC films have similar material properties and etch at
similar rates. This inadvertent etching of the LTO spacer can
cause the spacer height to be reduced and the side-profile of
the spacer to be rounded. As a result, the short, round-shaped
spacer can cause a poor metal hard mask etching profile and
produce critical dimension (CD) change. This poor metal
hard mask profile can reduce the yield and reliability of the
resulting semiconductor device due to degradation of inter-
connects formed by the SIT process.

Attempts to solve this problem include using SiN as the
spacer film, rather than LTO, since SiN can have higher etch
selectivity than LTO. Due to its higher etch selectivity, using
the SiN spacer can keep the spacer layer thick enough during
the hard mask etching to maintain a good metal hard mask
profile. However, the SiN spacer layer requires the use of high
deposition temperatures, over 400 degrees, which can cause
degradation of the mandrel layer formed of an OPL existing
directly under the SiN spacer layer.

Another attempt to solve the problem includes using a
thicker mandrel layer so that the spacer profile remains high
enough even after the SiARC etch back step so the profile of
the metal hard mask is not degraded during that etch back
step. However, making the mandrel layer thicker results in the
profile having a high aspect ratio due to tall narrow spacers.
This type of profile makes it difficult to effectively remove the
OPL during the OPL removal step. As a result it is necessary
to aggressively over etch during the OPL removal step caus-
ing the OPL mask to shrink in the block area generating
pattern defect issues. If over etching is not preformed some of
the OPL remains between the spacers which can lead to faulty
patterning in the hard mask layer which can prevent some
trenches from being properly formed.

Accordingly, there is a need to improve the metal hard
mask etching profile produced during SIT patterning pro-
cesses to increase the yield and reliability of semiconductor
devices.

SUMMARY

The present application provides novel methods for mak-
ing semiconductor devices using various exposing techniques
in combination with a variety of subtractive (e.g. etching) and
additive (e.g. deposition) material processing steps.

Aspects of certain example embodiments include a method
for forming a semiconductor device that includes obtaining a
wafer, the wafer including a silicon anti-reflective coating
(SiARC) layer formed over a photoresist film which is formed
over spacer portions which are formed on a spacer assist layer
which is formed over a hard mask layer, wherein the SiARC
layer has an etch rate substantially similar to an etch rate of
the spacer assist layer. The method includes removing the
photoresist layer and the SiARC layer from a first region of
the wafer exposing the spacer portions and portions of the
spacer assist layer; simultaneously etching the SIARC layer
in a second region of the wafer and the exposed spacer assist
layer in the first region of the wafer leaving remaining spacer
portions and remaining spacer assist layer portions; and etch-
ing a part of the hard mask layer to form hard mask portions
in the first region, using the remaining spacer portions and the
remaining spacer assist layer portions as an etching mask.

According to another aspect of an example embodiment a
method of forming a semiconductor device includes obtain-
ing a wafer in which the wafer includes a semiconductor
substrate; a hard mask layer formed over the semiconductor
substrate; a spacer assist layer formed over the hard mask
layer; a mandrel layer formed over the spacer assist layer; and
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a spacer layer formed over the mandrel layer. The method
further includes etching a portion of the spacer layer and
removing portions of the mandrel layer to form spacer por-
tions. A photoresist film is formed over the spacer portions.
An anti-reflective coating layer is formed over the photoresist
film in which the anti-reflective coating layer has an etch rate
substantially equal to an etch rate of the spacer assist layer.
The photoresist film and the anti-reflective coating layer are
removed from a first region of the wafer to expose the spacer
portions and the spacer assist layer, while simultaneously
preventing removal of the photoresist film and the anti-reflec-
tive coating layer in a second region of the wafer. The method
further includes simultaneously etching the anti-reflective
coating layer in the second region and the exposed spacer
assist layer in the first region leaving remaining spacer por-
tions and remaining spacer assist layer portions. A part of the
hard mask layer is etched to form hard mask portions in the
first region using the remaining spacer portions and the
remaining spacer assist layer portions as an etching mask.

According to yet another aspect of an embodiment, a
method for forming a semiconductor device includes obtain-
ing a wafer in which the wafer comprises a first layer; a
second layer having a first etch rate; a third layer comprising
spacer portions formed on the second layer; a fourth layer
formed over the spacer portions of the third layer; and a fifth
layer formed over the fourth layer, the fifth layer having an
etch rate substantially similar to the first etch rate. The method
includes removing the fourth layer from a first region of the
wafer to expose the spacer portions of the third layer and
portions of the second layer, and simultaneously preventing
removal of the fourth layer and fifth layer in a second region
of the wafer. The method further includes simultaneously
etching the fourth layer in the second region and the exposed
portions of the second layer in the first region leaving remain-
ing spacer portions of the third layer and remaining second
layer portions. A part of the first layer is etched to form mask
portions in the first region using the remaining spacer portions
of the third layer and the remaining spacer portions of the
third layer as an etching mask.

These and other features, aspects, and advantages will
become better understood with reference to the following
description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of this specification, exemplify example
embodiments and, together with the description, serve to
explain and illustrate the principles, aspects and features of
the invention.

FIG. 1 is a flowchart showing a process of forming a metal
hard mask semiconductor device according to an embodi-
ment of the invention.

FIGS. 2A-2I show a semiconductor device being manufac-
tured at different steps of a process of forming a semiconduc-
tor device according to an embodiment of the present inven-
tion.

FIGS. 3A-31 show a semiconductor being manufactured at
different steps of a process of forming a semiconductor
device according to a first comparative example using a con-
ventional process.

FIGS. 4A-4D show a semiconductor being manufactured
at different steps of a process of forming a semiconductor
device according to a second comparative example using a
conventional process.
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FIG. 5 is a flowchart showing a process of using the metal
hard mask formed using the process of FIG. 1 to form a
semiconductor device.

DETAILED DESCRIPTION

In the following detailed description, reference will be
made to the accompanying drawings, in which identical func-
tional elements are designated with like numerals. The afore-
mentioned accompanying drawings show by way of illustra-
tion and not by way of limitation, specific embodiments and
implementations consistent with the principles of the inven-
tion. These embodiments and implementations are described
in sufficient detail to enable those skilled in the art to practice
the invention and it is to be understood that other embodi-
ments and implementations may be utilized and that struc-
tural changes and/or substitutions of various elements may be
made without departing from the scope and spirit of the
invention.

Example Embodiment for Forming a Metal Hard Mask
Layer

FIG. 1 illustrates the steps in a process 100 of forming a
metal hard mask semiconductor device according to an
example embodiment of the present invention and with ref-
erence to FIGS. 2A-21.

In step 110, a metal hard mask layer 220 is formed over a
semiconductor substrate 205. In some embodiments, the sub-
strate 205 is formed from silicon (Si) and the metal hard mask
layer 220 is formed of titanium nitride TiN. The TiN layer 220
may be deposited onto the substrate 205 using a physical
vapor deposition (PVD) process. For example, the TiN layer
220 may be deposited using a sputtering process. As would be
apparent to a person of ordinary skill in the art, alternative
processes could be used and alternative materials may be
selected for the metal hard mask layer and the substrate. The
metal hard mask layer 220 can be accompanied by a dielectric
material forming a dielectric hard mask 215, disposed adja-
cent to the metal hard mask layer 220. The dielectric hard
mask 215 can be formed using chemical vapor deposition
(CVD) in temperature range of 150-400° C. An intermediate
layer 210, such as a low-k dielectric layer, can be disposed
between the substrate 205 and the hard mask layer 220.

After the metal hard mask layer 220 is formed in step 110,
a spacer assist layer 225 is formed on top of the metal hard
mask layerin step 115. The space assist layer 225 is described
in more detail below.

In step 120 a mandrel layer 230 is formed on the spacer
assist layer 225. The mandrel layer 230 can be formed from an
optical planarizing layer (OPL) material, although other
materials, as is known in the art, may be used for the mandrel
layer such as a photoresist material, amorphous silicon, or
silicon nitride. The OPL mandrel layer 230 can be formed by
a spin-coating process.

In step 125, afirst anti-reflective coating(ARC) layer 235 is
formed on the mandrel layer 230. In some embodiments, the
first ARC layer 235 can be formed from a silicon containing
anti-reflective coating (SiARC) material, although other
materials may be used for the first ARC layer. The first ARC
layer 235 can be formed by depositing the first ARC layer on
the mandrel layer 230 with a spin-coating process.

The resulting structure is a wafer 200 obtained by depos-
iting these layers, from the silicon substrate 205 through the
first ARC layer 235, in sequence.

A photoresist pattern 240 is formed on the first ARC layer
235 using known techniques to create mandrel portions from
the mandrel layer 230.
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In step 130, the first ARC layer 235 and a portion of the
mandrel layer 230 are removed by an etching process using
the photoresist pattern 240 as a mask. The resulting structure
is shown in FIG. 2B, in which mandrel portions 230a and
2305 are formed from the mandrel layer.

In step 135, a spacer layer 245 is formed on the mandrel
portions and portions of the spacer assist layer 225, as shown
in FIG. 2C. The spacer layer 245 can be made of an LTO
material and deposited using a CVD process at a temperature
of about 150-250° C.

In step 140, a portion of the spacer layer 245 and the
mandrel portions 230a and 2305 are etched to form patterned
spacer portions 245a-d, as shown in FIG. 2D. A reactive ion
etching (RIE) process can be used to etch the LTO spacer
layer 245 and mandrel portions 230a and 2304.

In step 145, an OPL photoresist film 250 is formed on the
patterned spacer portions 245a-d using a spin coating pro-
cess.

In step 150, a second ARC layer 260, which can be formed
from an SiARC material, and another photoresist film 255 are
formed on the OPL photoresist film 250 using a spin coating
process. The second ARC layer 260, referred to in this
embodiment as the SIARC layer 260, is formed over a first
region and a second region of the wafer, whereas the photo-
resist film 255 is formed only over the second region of the
watfer, as shown in FIG. 2E, in order to create a block area. In
certain embodiments, the SIARC layer 260 has a thickness
that is the same or slightly larger than the thickness of the
spacer assist layer 225. The photoresist film 255 is developed
using a lithography process (e.g. ArF immersion process) to
be a mask. The resulting structure is shown in FIG. 2E.

In step 155, the SIARC layer 260 and the OPL photoresist
film 250 in the first region of the wafer are removed by an RIE
process. At the same time, the developed photoresist film 255
acts as a mask over the second region of the wafer to prevent
removal of the OPL photoresist film 250 and the SiARC layer
260 in the second region to create the block area. The etching
results in the spacer portions 245a-c being exposed, as shown
in FIG. 2F.

The spacer assist layer 225 is formed from a material with
a substantially similar etch rate as the second SiARC layer
260. For example, ifthe second ARC layer 260 is formed from
SiARC, the spacer assist layer 225 can be formed from a LTO
silicon dioxide (Si0,) as it has a similar etch rate as SiARC.
The SiO, layer can be formed using a CVD process on the
hard mask layer 220. Other materials such as SiCN and SiN
can be used as the spacer assist layer, although they have a
slightly slower etch rate than the SiARC layer 260 yet can be
acceptable in some applications. Still other materials can be
used for the spacer assist layer 225 as long as the material has
a substantially similar etch rate as the second ARC layer 260.

Because the spacer assist layer 225 is disposed below the
spacer portions 245a-c, the height of the spacer portions
245a-c is kept small reducing the aspect ratio of the spacers
compared with conventional techniques. This smaller aspect
ratio results in a more reliable etching of the OPL photoresist
film 250 between the spacers.

In step 160, the SiARC layer 260 in the second region and
the exposed spacer portions 245a-c and spacer assist layer
225 in the first region are etched. Because the spacer assist
layer 225 has substantially the same etch rate as the SIARC
layer 260, the spacer assist layer 225 is fully etched at the
same time the SiARC layer 260 is etched, without requiring
over etching. The exposed spacer portions 245a-c are reduced
in size but portions of them remain disposed on top of the
remaining portions of the etched spacer assist layer 225a-c in
the first region, as shown in FIG. 2G. These remaining spacer
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portions 245a-¢ and the remaining portions of the etched
spacer assist layer 225a-c form spacers that serve as a mask
for subsequent etching of the hard mask layer 220. Because
the spacer assist layer 225 is disposed under the spacer por-
tions 245a-c and because the spacer assist layer 225 has an
etch rate that is substantially similar to the etch rate of the
SiARC layer 260, the total height of the resulting spacers
increases in comparison to the height of the spacers formed
according to a conventional technique. This structure results
in spacers that form a mask that effectively achieves a hard
mask pattern that has the desired profile yet prevents excess
OPL from remaining between the spacers during the OPL
etch back step, thus preventing errors in the patterning of the
hard mask layer 220.

In step 165, the hard mask layer 220 in the first region and
the OPL photoresist layer 250 in the second region are etched
using an RIE process. Because the spacers formed by the
remaining spacer portions 245a-c and the remaining spacer
assist layer portions 225a-c in the first region serve as a mask,
portions of the hard mask layer 220a-¢ remain in the first
region, as shown in FIG. 2H. The remaining portions of the
hard mask layer 220a-c are protected from the etching by
those spacers. A portion of the spacer portions 245a-c
remains disposed on top ofthe portions of the hard mask layer
220a-c, which serves to protect the profile of the remaining
portions of the hard mask layer 220a-¢ during subsequent
etching. The OPL photoresist layer 250 is removed by an
ashing process. The resulting structure is shown in FIG. 2H.

In another embodiment, illustrated in FIG. 5, a method 500
is performed in which an intermediate layer, such as the low-k
dielectric layer 210 shown in FIG. 2A, is formed on the
substrate 205 in step 505. In step 510 a hard metal mask is
formed using the process 100 illustrated in FIG. 1. Subse-
quently, step 515, illustrated in FIG. 5, is performed in which
trenches are formed by etching the low-k dielectric layer 210
using the remaining portions of the hard mask layer 220a-c
and the remaining spacer assist portions 245a-c¢ as a mask.
Because the remaining portions of the hard mask layer 220a-c¢
are protected from etching by the remaining spacer assist
portions 225a-¢, the profile of the hard mask portions 220a-c¢
remains intact resulting in well formed trenches, as shown in
FIG. 21

FIRST COMPARATIVE EXAMPLE

A first comparative example is provided to illustrate an
effect of the inventive techniques described here. The first
comparative example is illustrated in FIGS. 3A-1 in which a
similar semiconductor device is made but without employing
a spacer assist layer. The result is a structure that has a hard
mask pattern formed with a poor profile which can result in
critical dimension (CD) change and low yield and reliability
due to degradation of the interconnects formed by this pro-
cess.

InFIG. 3A, a semiconductor device is created from a wafer
300 that includes, in sequence, a semiconductor substrate
305, a low-k dielectric layer 310, a hard mask layer formed
from a dielectric hard mask layer 315 and a metal hard mask
layer 320, a mandrel layer 330 formed of OPL, and a first
ARC layer 335 formed on the mandrel layer 330, and formed
from a SiARC material. A photoresist pattern 340 is formed
on the first ARC layer 335.

The first ARC layer 335 and mandrel layer 330 are etched
using the photoresist pattern 340 as a mask to form mandrel
portions 330a and 3305 and exposing parts of the hard mask
layer 320, as shown in FIG. 3B.
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A spacer layer 345 formed of LTO is deposited over the
mandrel portions 330a-b and the exposed areas of the hard
mask layer 320, as shown in FIG. 3C.

The spacer layer 345 and the mandrel portions 330a-b are
etched, removing the mandrel portions and parts of the spacer
layer 345 leaving patterned spacer portions 345a-d, as shown
in FIG. 3D.

An OPL photoresist film 350 is formed on the patterned
spacer portions 345a-d and a second SiARC layer 360, and
another photoresist film 355 are formed on the OPL photore-
sist film 350. Second SiARC layer 360 is formed over a first
region and a second region of the wafer, whereas the photo-
resist film 355 is formed only over the second region of the
wafer, as shown in FIG. 3E, in order to create a block area.
The photoresist film 355 is developed using a lithography
process (e.g. ArF immersion process) to be a mask.

The second SiARC layer 360 and the photoresist film 350
in the first region on the wafer are removed by an etching
process. At the same time, the developed photoresist film 355
acts as a mask over the second region of the wafer to prevent
removal of the OPL photoresist film 350 and the second
SiARC layer 360 in the second region to create the block area.
The etching results in the spacer portions 345a-c¢ being
exposed, as shown in FIG. 3F.

Next, the second SIARC layer 360 in the second region and
the exposed spacer portions 345a-¢ in the first region are
etched. As seen in FIG. 3G. the exposed spacer portions
345q-c¢ are reduced in size and have a rounded shape as a
result of the etching, although portions of them remain dis-
posed on top of the hard mask layer 320. These remaining
spacer portions 345a-c serve as a mask for subsequent etching
of the hard mask layer 320. Due to the etching of the second
SiARC layer 360 and the simultaneous etching of the exposed
spacer portions 345a-c, the total height of the remaining
spacer portions 345a-c is small and the shape of those por-
tions is rounded. This structure results in spacers that form a
mask that does not achieve an effective hard mask pattern
with the desired profile, which can cause errors in the pattern-
ing of the hard mask layer 320.

Next, the hard mask layer 320 in the first region and the
OPL photoresist layer 350 in the second region are etched.
Because the spacers formed by the remaining spacer portions
345a-c serve as a mask, portions of the hard mask layer
320a-c remain in the first region. However, because the spacer
portions 345a-c¢ in FIG. 3G are relatively small and have a
rounded shape, the etching to form the hard mask pattern
mask over etches the hard mask layer 320 resulting in leaving
portions of the hard mask layer 320a-c that do not have the
desired profile since the tops of the portions of the hard mask
layer 320a-c are rounded, as shown in FIG. 3H. The OPL
photoresist layer 350 is then removed by an ashing process
and the resulting structure is shown in FIG. 3H.

In a subsequent step, trenches are formed by etching the
low-k dielectric layer 310 using the remaining portions of the
hard mask layer 320a-c as a mask, as shown in FIG. 31
However, the remaining portions of the hard mask layer
320a-c¢ do not have the desired profile which can result in CD
change and a reduction in yield and reliability problems due
to interconnect degradation. In comparison, the embodiment
shown in FIGS. 2A-I does not suffer from such problems.

SECOND COMPARATIVE EXAMPLE

A second comparative example is provided to illustrate an
effect of the inventive techniques described here. The second
comparative example is illustrated in FIGS. 4A-D in which a
semiconductor device, somewhat similar to the device shown
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in FIGS. 2A-1, is made but without employing a spacer assist
layer and with a thicker mandrel layer to produce taller spac-
ers in an effort to avoid the problems with the first compara-
tive example. The result is a structure that is susceptible to
defects being formed because the hard mask can be formed
unreliably causing a low yield and reliability.

FIG. 4A shows a wafer 400 similar to wafer 300 shown in
FIG. 3E, except that the mandrel layer is thicker than the
mandrel layer in the first comparative example. This results in
taller spacer portions 445a-f, shown in FIG. 4A, in an effort to
overcome the problems in the first comparative example in
which the spacer portions were too short resulting in mis-
shapen hard mask pattern portions.

The layers in the wafer 400 shown in FIG. 4A include, in
sequence, a semiconductor substrate 405, a low-k dielectric
layer 410, a hard mask layer formed from a dielectric hard
mask layer 415 and a metal hard mask layer 420, and pat-
terned spacer portions 445a-f.

An OPL photoresist film 450 is formed on the patterned
spacer portions 445a-f'and a SIARC layer 460, and another
photoresist film 455 are formed on the OPL photoresist film
450. The SiARC layer 460 is formed over both a first region
and a second region of the wafer, whereas the photoresist film
455 is formed only over the second region of the wafer, as
shown in FIG. 4A, in order to create a block area. The pho-
toresist film 455 is developed using a lithography process
(e.g. ArF immersion process) to be a mask.

The SiARC layer 460 and the OPL photoresist film 450 in
the first region on the wafer are removed by an etching pro-
cess. At the same time, the developed photoresist film 455
acts as a mask over the second region of the wafer to prevent
removal of the OPL photoresist film 450 and the SiARC layer
460 in the second region to create the block area. The etching
results in the spacer portions 445a-¢ being exposed, as shown
in FIG. 4B. However, because the patterned spacer portions
445q-c are taller than the corresponding spacer portions
345a-c in the first comparative embodiment, the aspect ratio
of the spacer portions is higher. Because of the high aspect
ratio/narrow spacers in this second comparative example, it is
difficult to pull out all of the OPL photoresist film 450 from
between the spacers during the etching process. This can
leave remaining portions of OPL photoresist 451 between the
spacers which can lead to an incompletely formed hard mask
pattern. To completely remove the OPL photoresist 450 from
between the spacers the OPL photoresist 450 can be over
etched. However, such aggressive over etching results in OPL
mask shrinkage in the block area and can generate pattern
defect issues.

Next, the SiARC layer 460 in the second region and the
exposed spacer portions 445a-c in the first region are etched.
As seen in FIG. 4C, although the exposed spacer portions
445a-c are reduced in size, because they began taller than in
the first comparative example, a sufficient amount of the
spacer portions 445a-¢ can remain to achieve the hard mask
profile. However, because some material 451 can still remain
between the spacers, this remaining OPL photoresist can
cause errors in the hard mask pattern. The remaining spacer
portions 445a-c serve as a mask for subsequent etching of the
hard mask layer 420, but the remaining OPL photoresist
material 451 also acts as a mask during the etching ofthe hard
mask layer 420.

Next, the hard mask layer 420 in the first region and the
OPL photoresist layer 450 in the second region, shown in
FIG. 4C, are etched. Because the remaining spacer portions
445aq-c serve as a mask, portions of the hard mask layer
420a-b remain in the first region. However, because the
remaining OPL photoresist material 451 also acts as a mask,
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the hard mask layer between spacer portions 445¢ and 4454 is
not etched, as shown at area 421 in FIG. 4D. This results in an
error in the hard mask pattern and reduced yield and reliabil-
ity. In comparison, the embodiment shown in FIGS. 2A-I
does not suffer from such hard mask pattern errors.

Although a few example embodiments have been shown
and described, these example embodiments are provided to
convey the subject matter described herein to those who are
familiar with this field. It should be understood that the sub-
ject matter described herein may be embodied in various
forms without being limited to the described embodiments.
The subject matter described herein can be practiced without
those specifically defined or described matters or with other
or different elements or matters not described. It will be
appreciated by those familiar with this field that changes may
be made in these embodiments without departing from spirit
and scope of the invention as described herein and as defined
in the appended claims and their equivalents.

Aspects related to the embodiments described here have
been set forth in part in the description above, and in part
should be apparent from the description, or may be learned by
practice of the invention. Aspects of the embodiments may be
realized and attained by means of the elements and combina-
tions of various elements and aspects particularly pointed out
in the detailed description and the appended claims. It is to be
understood that both the foregoing descriptions are exem-
plary and explanatory only and are not intended to be limit-
ing.

What is claimed is:
1. A method for forming a semiconductor device compris-
ing:
obtaining a wafer, the wafer comprising an anti-reflective
coating (ARC) layer formed over a photoresist layer
which is formed over spacer portions which are formed
ona spacer assist layer which is formed over a hard mask
layer, wherein the ARC layer has an etch rate substan-
tially similar to an etch rate of the spacer assist layer;
removing the photoresist layer and the ARC layer from a
first region of the wafer exposing the spacer portions and
portions of the spacer assist layer while leaving the
photoresist layer in a second region of the wafer, the
photoresist layer in the second region of the wafer con-
tacting a spacer portion in the second region;

simultaneously etching the ARC layer in a second region of
the wafer and the exposed spacer assist layer in the first
region of the wafer leaving remaining spacer portions
and remaining spacer assist layer portions; and

etching a part of the hard mask layer to form hard mask

portions in the first region, using the remaining spacer
portions and the remaining spacer assist layer portions
as an etching mask.

2. The method according to claim 1, wherein the anti-
reflective coating layer is formed from a silicon anti-reflective
coating (SiARC) material.

3. A method for forming a semiconductor device compris-
ing:

obtaining a wafer, the wafer comprising:

a semiconductor substrate;

a hard mask layer formed over the semiconductor sub-

strate;

a spacer assist layer formed over the hard mask layer;

a mandrel layer formed over the spacer assist layer; and

a spacer layer formed over the mandrel layer;

etching a portion of the spacer layer and removing portions

of the mandrel layer to form spacer portions;

forming a photoresist film over the spacer portions;
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forming an anti-reflective coating layer over the photore-
sist film, the anti-reflective coating layer having an etch
rate substantially equal to an etch rate of the spacer assist
layer;

removing the photoresist film and the anti-reflective coat-

ing layer from a first region of the wafer to expose the
spacer portions and the spacer assist layer and simulta-
neously preventing removal of the photoresist film and
the anti-reflective coating layer in a second region of the
wafer;

simultaneously etching the anti-reflective coating layer in

the second region and the exposed spacer assist layer in
the first region leaving remaining spacer portions and
remaining spacer assist layer portions; and

etching a part of the hard mask layer to form hard mask

portions in the first region using the remaining spacer
portions and the remaining spacer assist layer portions
as an etching mask.

4. The method for forming a semiconductor device accord-
ing to claim 3, wherein the wafer further comprises an inter-
mediate layer between the semiconductor substrate and the
hard mask layer.

5. The method for forming a semiconductor device accord-
ing to claim 4, the method further comprising etching the
intermediate layer to form trenches in the intermediate layer
by using the hard mask portions as a hard mask.

6. The method for forming a semiconductor device accord-
ing to claim 3, wherein the spacer portions are formed by a
method of sidewall image transfer patterning.

7. The method for forming a semiconductor device accord-
ing to claim 3, wherein the obtaining the wafer comprises:

depositing the hard mask layer over the semiconductor

substrate;

depositing the spacer assist layer on the hard mask layer;

depositing the mandrel layer on the spacer assist layer; and

depositing the spacer layer on the mandrel layer.

8. The method for forming a semiconductor device accord-
ing to claim 3, wherein the spacer assist layer is formed of
silicon oxide (SiO,).

9. The method for forming a semiconductor device accord-
ing to claim 8, wherein the spacer assist layer is formed of low
temperature deposited silicon oxide (LTO).

10. The method for forming a semiconductor device
according to claim 3, wherein the spacer assist layer is formed
of'silicon cyanide (SiCN).

11. The method for forming a semiconductor device
according to claim 3, wherein the spacer assist layer is formed
of'silicon nitride (SiN).

12. The method for forming a semiconductor device
according to claim 3, wherein the spacer layer is formed of
low temperature deposited silicon oxide (LTO).

13. A method for forming a semiconductor device com-
prising:

obtaining a wafer, the wafer comprising:

a first layer comprised of a metal;

a second layer having a first etch rate;

a third layer comprising spacer portions formed on the
second layer;

a fourth layer formed over the spacer portions of the
third layer; and

a fifth layer formed over the fourth layer, the fifth layer
having an etch rate substantially similar to the first
etch rate;

removing the fourth layer from a first region of the wafer to

expose the spacer portions of the third layer and portions
of the second layer, and simultaneously preventing
removal of the fourth layer and fifth layer in a second
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region of the wafer, the fourth layer in the second region
of the wafer contacting a spacer portion in the second
region;

simultaneously etching the fifth layer in the second region
and the exposed portions of the second layer in the first
region leaving remaining spacer portions of the third
layer and remaining second layer portions; and

etching a part of the first layer to form mask portions in the
first region using the remaining spacer portions of the
third layer and the remaining second layer portions as an
etching mask, wherein

the third layer is comprised of a low temperature oxide
(LTO).

14. The method for forming a semiconductor device

according to claim 13, wherein:

the second layer is comprised of a silicon oxide;

the fourth layer is comprised of organic planarization layer
(OPL) material; and

the fifth layer is comprised of an anti-reflective coating
(ARC) material.

10

15

12

15. The method for forming a semiconductor device
according to claim 14, wherein the first layer is comprised of
titanium nitride (TiN).

16. The method for forming a semiconductor device
according to claim 14, wherein the second layer is comprised
of Si0,.

17. The method for forming a semiconductor device
according to claim 16, wherein the second layer is formed of
low temperature deposited silicon oxide (LTO).

18. The method for forming a semiconductor device
according to claim 13, wherein the second layer is formed of
silicon cyanide (SiCN).

19. The method for forming a semiconductor device
according to claim 13, wherein the second layer is formed of
silicon nitride (SiN).

20. The method for forming a semiconductor device
according to claim 14, wherein the third layer is formed with
a chemical vapor deposition (CVD) process at a temperature
between about 150250 ° C.
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